Magnetic reconnection is a fundamental plasma process involving the efficient conversion of magnetic field energy to plasma kinetic energy through changing field line topology.
Reconnection has been observed in a variety of contexts [38] including the solar surface [26, 28, 32] , the Earth's magnetotail [3, 10] , and tokamak plasmas [18, 33, 36] . In all these cases, reconnection is not only fast, but also impulsive; in other words, a slow buildup phase is followed by a comparatively quick release of magnetic energy. Signatures of impulsive behavior have been previously identified in laboratory reconnection experiments [17, 19, 35 ].
An open question in the literature is if this behavior can be described by a two-dimensional model with no spatial variation in the out-of-plane (y) direction or if impulsive reconnection is fundamentally three-dimensional. While two-dimensional, impulsive reconnection models exist, these models may be modified by the presence of a third dimension. For example, the reconnection rate spikes when secondary magnetic islands are ejected in 2-D simulations [6] , but in 3-D runs these islands become flux ropes with complex structure in the third dimension [7] . In 2-D systems there is a clear X-point where impulsive reconnection may take place, but in 3-D, fast reconnection could take place at all points along the X-line simultaneously or spread in the out-of-plane direction. Evidence for the later view is suggested by space measurements, including the spread of fast reconnection signatures in the out-of-plane direction during magnetospheric substorms [23] and in a cascade of solar coronal loops [12] .
The addition of 3-D variation also allows for a large class of wave modes with finite k y ; these modes have long been considered as a possible source of anomalous resistivity that may speed up reconnection [2, 4, 5, 8, 17, 34] .
In this letter, localized current disruptions are identified in the Magnetic Reconnection Experiment (MRX) as the first example of fast, impulsive, and fundamentally threedimensional local magnetic reconnection in a laboratory current sheet. Signatures of flux ropes are found in the reconnecting current layer. The observed disruptions are due to the ejection of these 3-D, high current density regions associated with O-points at the measurement location. By contrast, magnetic fluctuations, long considered as a possible cause of anomalous resistivity, are not the key physics responsible for the observed impulsive phenomena.
Experiments are performed on the Magnetic Reconnection Experiment (MRX), a wellcontrolled and well-diagnosed driven laboratory experiment [37] . Two donut-shaped flux cores produce the plasma and drive the reconnection. In the pull phase of the discharge studied here, a current sheet forms in the plasma as a result of decreasing the current in the flux cores. No external guide field is applied in the present experiments. Also unlike prior studies of reconnection between externally generated 3-D flux ropes [16, 21] , flux ropes may be spontaneously generated in the MRX current sheet geometry. Additional details of the experimental setup are described elsewhere [9, 37] ; for the purposes of this letter, the reconnection region in a localized toroidal section of the device is considered. This region is illustrated in Fig. 1 ; R is the inflow direction, Z is the outflow direction, and y is a Cartesian coordinate locally oriented in the azimuthal direction. Two probe setups are shown: one for measurements in the reconnection plane (left) and one to measure variation in the out-of-plane (y) direction (right). This approach differs significantly from Katz et al. [19] which models impulsive reconnection with a guide field as a global (i.e. periodic in the third direction) rather than a local phenomena. While global impulsive reconnection may be more applicable to tokamak sawteeth and reverse-field pinches where similar periodicity is observed [31, 36] , the present study is more relevant to space and astrophysical plasmas which have no such periodicity [11] . At the time of the observed disruptions, typical plasma parameters are n e ∼ 10 13 /cm 3 and T e ∼ 5 eV. This gives a mean free path of 5 cm for electron-ion collisions, which is larger than the typical current sheet width of 1-2 cm; thus the MRX layers at the disruption time are considered to be collisionless.
Data gathered using the in-plane setup from Fig. 1 well-illustrates the basic features of a current layer disruption, defined as an event where the current density drops and the inductive electric field peaks. Discharges are prepared using a set of parameters that have been experimentally found to lead to current layer disruptions at the y location of the measurements. From a few hundred identically prepared discharges, cases with a clear disruption at the probe location are selected using strict quantitative criteria, such as those outlined in the caption of Fig. 3 . On average, one out of every three cases meet the criteria, for a total of over 100 disruptive discharges in each experimental setup. While there is considerable variation in the details of each disruptive discharge, the key features discussed in this paper are common to nearly all discharges that meet the quantitative criteria for a disruption. One such discharge is shown in Fig. 2 . As illustrated in Row A, the total outof-plane current is initially 8 kA, but drops by 3 kA within about 4 µs around t = 332 µs.
This timescale for the out-of-plane current drop is comparable to an ion cyclotron time of ∼ 4 µs obtained from the upstream reconnecting field at t = 332 µs. At the same time, the electric field rises from 2 V/cm to over 4 V/cm as the reconnection rate spikes. This inductive electric field at the X-point is obtained through integration of magnetic flux; error from toroidal asymmetry associated with disruptive discharges is estimated at no more than 10% [9] .
The details of the layer structure for this discharge reveal that the disruption is due to the ejection of a high current density O-point structure from the layer. Each of the three panels in Rows B, C, and D of To better understand the role of these gradients, the out-of-plane magnetic field profile in the R-y plane is examined as a function of time for an example discharge in Fig. 4 . A buildup phase occurs during the time period shown by the first row of plots; the green region where magnetic field is small visibly narrows, especially at smaller y, indicating an increase in current density. The region in which this buildup occurs is typically characterized by a density gradient in the electron flow (+y) direction, consistent with a buildup mechanism similar to the layer sharpening described by Huba and Rudakov [15] . The second row of plots shows the disruption phase; the green region broadens, first at small y by t = 331.6 µs and then at large y by t = 333.2 µs. Thus the disruption process is not uniform in y, but [14, 15, 20, 29] . The proposed physical picture of the disruption may equivalently describe the propagation of the "reconnection wave" outlined by Huba and Rudakov [14] . In this case, the v ey gradients and 3-D field line structure are not part of the initial condition; they are instead due to an externally imposed magnetic field perturbation.
Several key features of the proposed model agree well with MRX observations. For example, the model explains the observed peak in the reconnection rate, the disruption spreading in y, and the importance of the out-of-plane magnetic field gradient in the initial condition.
Consistent with Yamada et al. [38] , the enhanced inflow described by the model means that the Hall signatures will peak at the disruption time; measurements of the quadrupole magnetic field and electrostatic potential well (not shown) corroborate this prediction. Although the observed flux ropes are not explicitly included in the model discussed here, note that the cut in Fig. 5 is taken at the Z location of the X-point. As the reconnection rate at the X-point peaks at a given y location, any flux ropes that have formed to the side of the X-point will necessarily be ejected outward, consistent with the picture of Fig. 2 . This ejection process causes the gross magnetic topology change in Rows B and C of the figure that makes the disruption rather dramatic.
An important aspect of this proposed physical picture is that out-of-plane gradients locally drive the reconnection through the Hall term, and the dissipation region adjusts to produce impulsive behavior. This is in direct contrast to anomalous resistivity models where the key physics takes place inside the dissipation region and the outside regions adjust. Future work will focus on 3-D probe array measurements to more fully resolve the reported flux ropes, simulations to validate the proposed model, and comparison with flux ropes [11] and disruptions [25] reported in space observations.
